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Streszczenie
Wstęp. Z klinicznego punktu widzenia ważna jest wiedza, czy wybór technologii wykonania może zmieniać sztywność 
klamer lanych protez szkieletowych. Chociaż w odlewniach rotacyjnych i ciśnieniowo-próżniowych występuje ten sam 
rodzaj topienia indukcyjnego, wszelkie podobieństwa kończą się na tym etapie. W odlewniach rotacyjnych topienie 
i moment odlewu odbywają się w atmosferze powietrza, natomiast dla odlewni ciśnieniowo-próżniowej topienie odby-
wa się w próżni, a proces odlewu w atmosferze gazu formującego.
Cel pracy. Celem pracy było porównanie dwóch technologii odlewniczych: rotacyjnej i ciśnieniowo-próżniowej 
w aspekcie ich wpływu na siłę ugięcia profilu klamrowego prostego w warunkach laboratoryjnych oraz zbadanie różnic 
w budowie ziaren krystalizacji odlewu stopu chromowo-kobaltowego.
Materiał i metody. Do badań użyto stopu chromowo-kobaltowego (Wironit® extrahard BEGO, Bremen, Germany). Ma-
teriałem badanym były proste profile klamrowe o półokrągłym przekroju, odlane ze standardowych kształtek woskowych 
(BEGO, Bremen, Germany) przy użyciu dwóch różnych technologii odlewniczych: za pomocą urządzenia ciśnienienio-
wo-próżniowego (VP) o mikroprocesorowo kontrolowanym procesie topienia stopu (Nautilus®-BEGO, Bremen, Germa-
ny) i urządzenia rotacyjnego (R) o ręcznie kontrolowanym procesie topienia stopu (Fornax®-BEGO, Bremen, Germany). 
Trzynaście odlewów wykonano każdą z metod. Urządzenie pomiarowe własnego projektu zbudowano z wykorzysta-
niem śruby mikrometrycznej wyposażonej w tensometryczny przetwornik siły na napięcie. Po wykonaniu pomiarów siły 
ugięcia, wybrane profile klamrowe poddano badaniu metalograficznemu w celu oceny ziaren krystalizacji odlewu.
Wyniki. Przy poziomie istotności p = 0,05 zaobserwowane różnice pomiędzy średnimi badanych sił były statystycz-
nie istotne na korzyść metody ciśnieniowo-próżniowej. Mikrostruktura była zmienna i różnice korelowały z różnicami 
w mierzonej sile ugięcia profilu, dając większą wartość siły przy większych ziarnach krystalizacji odlewu. Wielkość 
ziaren badanych próbek była różnej wielkości, od małych do dużych.
Słowa kluczowe: retencja klamer, topienie indukcyjne, profile klamrowe, struktura metalograficzna, stop chromowo- 
-kobaltowy.
Abstract
Introduction. From a clinical stand point it is important to know if the different casting techniques, using the same alloy, 
may change the stiffness of the cast denture clasp. Although rotary and vacuum-pressure casting methods have the same 
induction melting means, any similarity ends at this point. In the rotary method, the melting and casting process is carried 
out in air but for the vacuum-pressure method, melting is conducted in the vacuum and casting is done in forming gas.
Aim of the study. The aim of this study was to compare the influence of two casting methods: a rotary-centrifugal 
method and a vacuum-pressure method on the deflection force of a straight clasp profile in vitro and disclose any differ-
ences in microstructure of cobalt chromium alloy cast profiles caused by using different casting technology.
Material and Methods. A commercial cobalt-chromium alloy (Wironit® extrahard BEGO, Bremen, Germany) was 
used. The tested material were the straight clasp profiles of a half-round section, cast in standard wax patterns (BEGO, 
Bremen, Germany), by the use of two inductive casting devices: a vacuum-pressure microprocessor assisted method 
(VP) (in device Nautilus®-BEGO, Bremen, Germany) and a rotary (R) manually operated method (in device Fornax®-
-BEGO, Bremen, Germany). Thirteen castings were fabricated by each of the respective methods. The custom made 
measuring instrument consisted of a micrometer screw and an force into voltage extensometer converter was applied. 
After deflection force measurement chosen profiles undergone metallographic examination to reveal internal grain ar-
rangements in them.
Results. On the level of significance p = 0.05 the observed difference between the means was proved to be statistically 
significant with better results for vacuum-pressure method. The microstructure varied, and these differences correlated 
with differences in deflection force measurement with greater deflection force for bigger grains. The grains size of the 
samples was of different size from small to large.
Key words: clasp retention, induction melting, clasps profiles, metallographic structure, chrome cobalt alloy.
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Introduction
During the prescription stage of removable partial 
denture design the clinician has to face the choice 
of multitude clasp arm combinations and a spread 
of their stiffness. It was reported that little changes 
in the duration of induction melting cast denture 
clasp may increase its fatigue resistance [9]. This 
is evidence that casting technology may influence 
the mechanical properties of denture clasp. From 
a clinical stand point it is important to know if the 
different casting techniques, using the same al-
loy, may change the stiffness of the cast denture 
clasp. This study presents such information which 
may provide a clinician the rational means for ma-
king decisions during metal framework denture 
planning.
The surveying procedure has to reveal how 
far below the height of contour and how far below 
the survey line the tip of retentive arm should lie 
to generate the optimal retentive force. A concept 
of “elastic properties” reflects both the geometri-
cal shape of an arm as well as the cast properties 
that depend on the type of alloy and technology 
used [1, 2, 3, 4, 5]. The mechanical properties of 
alloy, besides its chemical composition is affected 
mainly by applied casting techniques. Since the 
chemical compositions is basically the same of 
the given alloy, the applied casting technique may 
or may not influence the internal microstructure 
which can modify elastic properties of the reten-
tive arm. It was reported by Biffar and Appel that 
the smaller the grain size of the metal, the better 
are its physical properties [14]. The basic material 
is a chromium-cobalt alloy, widely and commonly 
applied. The elastic properties are described by 
stiffness, that is a factor of proportionality between 
the arm deflection that occurs during the denture 
movement along the path of its insertion and the 
force applied to the abutment tooth. 
There are not many reports concerning the ef-
fect of the casting technology on the retention pro-
perties of metal framework RPD [6, 7, 8, 9]. There 
is also lack of particular information referring to the 
comparison of different casting methods and their 
influence on the elastic properties of the cast den-
ture clasps. Although rotary and vacuum-pressure 
casting methods have the same induction melting 
means, any similarity ends at this point. In the rota-
ry method, the melting and casting process is car-
ried out in air but for the vacuum-pressure method, 
melting is conducted in the vacuum and casting is 
done in forming gas which consists of 90% nitro-
gen and 10% hydrogen.
Microstructure is the basic parameter, which 
controls the properties of the material. Grains are 
crystals of the alloy that form upon cooling pha-
se after casting process from small particles and 
grow until they meet each other to form grain bo-
undaries. The size of the grains is affected by the 
cooling rate of the alloy, the presence of special 
nucleating elements such as iridium, and the com-
position of the alloy [11]. The microstructure is not 
discernible by the naked eye, so the clinician must 
rely on laboratory or manufacturer information to 
know an alloy’s structure. According to Asgar inve-
stigations Co-Cr alloys consists of a matrix, com-
posed by solid solution of various metals like Co-
balt, Chromium, Molybdenum etc. and “islands” of 
interdendritic carbides which acts as cores. The 
type and arrangement of carbides vary depending 
on composition and manipulative condition. When 
viewed under microscope, the grain boundaries 
were seen as black lines. The carbides solidify 
last and they appear at the grain boundaries. They 
provide slip interference, and hence strength is in-
creased and ductility is decreased [15].
Therefore, the purpose of this study was to 
compare the influence of two casting methods: 
a rotary-centrifugal method and a vacuum-pres-
sure method on the deflection force of a straight 
clasp profile in vitro. Especially, the following qu-
estions were examined: does the casting method 
choice influence the mean value of deflection for-
ce?, what is the range of the obtained values for 
both methods?, if there are any differences in mi-
crostructure of cobalt chromium alloy cast profiles 
caused by using different casting technology?.
Material and Methods
The tested material were the straight clasp profiles 
of a half-round section, cast in standard wax pat-
terns (Straight ring clasps-BEGO-art. No. 40029, 
Bremen, Germany), by the use of two inductive 
casting methods: a vacuum-pressure method (in 
device Nautilus®-BEGO, Bremen, Germany) and 
a rotary method (in device Fornax®-BEGO, Bre-
men, Germany).
A straight standard wax pattern was used to 
simplify procedure, increase the accuracy, re-
peatability of the taper geometry and reflect real 
Table I. Deflection force clasp in statistical comparison 
for two methods
Tabela I. Porównanie siły ugięcia klamer w statystycz-
nym porównaniu dla dwóch metod
Method vacuum-pressure centrifugal
number of measurements (n) 129 130
average (x) kG  0.64  0.61
median (Mx) kG  0.64  0.61
variance (S2)      0.0032      0.0032
standard deviation (S)    0.056    0.056
minimum (xmin) kG  0.52  0.43
maximum(xmax) kG  0.78  0.77
range (x ) kG  0.27  0.34
skewness (Ax)  0.39 -0.29
standardized skewness (Axs)  1.83 -1.33
kurtosis (Cx) -0.08  0.27
standardized kurtosis (Cxs) -0.18  0.64
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dental technician procedure with the exemption 
of bending the wax profile on abutment teeth. The 
use 9 mm length of clasp profile was established 
by literature review [8, 9, 13] and from clinical 
experience where premolars are the most com-
mon abutments.
The wax patterns containing a 10 clasp profiles 
were placed on casting cone in metallic ring which 
form one testing group. Suitable casting sprues 
were arranged by dental technician. The wax pat-
terns were placed in the investments according 
to the manufacturer’s instructions for the alloy. 
A commercial cobalt-chromium alloy (Wironit® 
extrahard BEGO, Bremen, Germany) composed of 
63% cobalt, 30% chromium and 5% molybdenum 
was used. 
The muffle with test groups were numbered 
from R1 to R13 for rotary method and C1 to C13 
for vacuum-pressure method. The casting proce-
dure was performed by one experienced techni-
cian in the Dental School Laboratory equipped 
with both casting devices, standing nearby in the 
same room. After the casting procedure muffles 
were allowed to cool in room temperature (20°C), 
opened and released from investment mass. The 
other actions were carried out by the same person 
as before. The profiles were air-abraded with alu-
minum oxide cut off and fixed on collecting chart, 
one per one testing group containing ten cast pro-
files. The collecting charts were suitably descri-
bed (for example: cast No. 3 vacuum-pressure, 
profiles from 1st to 10th). The profiles were put in 
a measuring device to make the deflection force 
measurements. Custom made clasp holder was 
manufactured using lost wax procedure to provide 
constant loading orientation during measurements 
for the half-round geometry of clasp profiles. Each 
profile was fastened by two screw in the clasp hol-
der internal tunnel, approaching it from the flat sur-
face and pressing it to the opposite wall in the po-
int of profile convexity. The elastic properties were 
evaluated through measurement of force required 
for 0.3 mm deflection of straight specimens fixed 
length (9 mm) (Figure 1). Thirteen castings were 
fabricated by each of the respective methods (ten 
profiles per one casting) and that finally resulted in 
259 cast clasp profiles. Unfortunately one profile 
was lost.
The measuring instrument consisted of a mi-
crometer screw and an force into voltage exten-
someter converter. The micrometer screw made it 
possible for a deflection of the examined profile 
with an accuracy to 0.01 mm. The converter pro-
vides a measurement of the deflection force of te-
sted profile in the range from 0 to 1 kg with accura-
cy to ± 5g. The measuring set has been graduated 
by the use of stamped weights.
Each examined profile was deflected ten times 
by the same deflection range f = 0.3 mm to check 
the repeatability of measurement. The profiles 
were not polished to avoid the thickness change 
that could influence the measurement. The same 
length of all clasp profiles was established by a fi-
xed distance of a clasp profile holder from the mo-
Figure 1. Clasp profile fixed in custom-designed measuring device holder. The tip of 
the clasp profile touched the moving plane surface of the micrometric screw. Upper 
left corner: the cast testing group of ten clasp profiles after removing from the muffle 
and air particle abrasion.
Rycina 1. Profil klamrowy umocowany w uchwycie urządzenia pomiarowego własnej 
konstrukcji. Końcówka profilu w kontakcie z powierzchnią czołową śruby mikrome-
trycznej. W lewym górnym rogu odlew grupy dziesięciu profili klamrowych po uwolnie-
niu z masy osłaniającej i po wypiaskowaniu.
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ving end of a micrometer screw. All measurements 
were carried out in the same manner and by the 
same one person.
After testing deflection force, ten samples were 
prepared for metallographic examination, five for 
each casting method. From available set of 259 
specimens, profiles near the maximum and mini-
mum deflection force measurements range were 
chosen. Every profile was cut 9 mm from its tip to 
obtain access to its cross section. Two sections 
were prepared, one immediately adjacent to the 
cutting point and the other of a flat longitudinal 
surface of half round straight profile, extending 
from the tip to the cross section point. These were 
mounted in a cold-setting epoxy resin and poli-
shed according to standard metallographic pro-
cedure. For identification purposes and deflection 
force comparison between different specimens 
the position of each profile in the ring was denoted 
(Figure 2). Samples were etched with mixture of 
concentrated hydrochloric acid, sulfuric acid, nitric 
acid and the resulting microstructures were stu-
died from the viewpoint of the distribution of carbi-
des and grains.
The surfaces were observed at a magnification 
of 63× with a metallographic microscope and si-
moultanesly photographs were taken to compare 
microstructures details. Pictures analysis was per-
formed to correlate each profile deflection force 
measurement numeric data with its microstructure 
to reveal any similarities and differences between 
them. Number of grains between the walls which 
built the thickest part of the cross section clasp 
profile was counted. Arrangements of grains on 
longitudinal section were analyzed.
Procedure of statistical analysis
of the obtained results
For each of the tests, both the classical and posi-
tional values were recorded: mean, median, varian-
ce, standard deviation, standard error, minimum, 
maximum, range, lower quartile, upper quartile, 
interquartile range, skewness, kurtosis, coeffi-
cient of variance by the use of Statgraphics®plus
program (English version 3, Manugistics, Rockvil-
le, Maryland, U.S.A).
This kind of statistics is useful when two sam-
ples of data are a subject of comparison. Through 
an assessment of standardized skewness and 
kurtosis, it has been examined whether both the 
investigated distributions of variables are close 
to a normal distribution. As both distributions did 
not deviate from a normal distribution, the homo-
geneity of variances was examined by the use of 
F-Snedecor test. This finding means that two sets 
of values which represent deflection force measu-
rement can be compared statistically. The result 
of the above procedure enabled an application of 
t-Student’s test for the two means. 
Results
In both groups of examined profiles the deflection 
force was marked. The figures are illustrated in 
Table 1. On the level of significance p = 0.05 the 
observed difference between the means was 0.03 
kG (Xvacuum-presure = 0.64 kG and Xcentrifu-
gal = 0.61 kG) and proved to be statistically signifi-
cant. A graphic expression of the above statement 
is a box diagram (Figure 3) the sides of which are 
displaced asymmetrically towards the perpendicu-
lar internal line. 
Obtained pictures reveal different grain size 
visible on the cross section of the longitudinal 
plane near the tip. The obtained microstructures 
were documented from Figure 4 to Figure 5. The 
microstructure varied, and these differences cor-
related with differences in deflection force me-
asurement. The grains size of the samples was of 
different from small to large (approximately from 
50 to 500 microns). The number of grains coun-
ted in the thickest part of the cross section was 
from two to three for profiles with corresponding 
deflection force approximately 0.7 kg and three to 
four for profiles with 0.5 kg (Figure 4). On longitu-
dinal cross section all profiles revealed small gra-
ins on the surface which rapidly increased in size 
from the surface to the center which made layered 
structure of the clasp profile (Figure 5).
Figure 2. Clasp profiles mounted inside three rings filled with a cold-setting epoxy resin.
Rycina 2. Profile klamrowe wewnątrz trzech pierścieni zatopione w żywicy epoksydowej.
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Discussion
There is a direct correlation between deflection 
force of straight profiles and their retention pro-
perties as retentive arms. This can be supported 
by theoretical model of clasp retention described 
by Marxkors [10], Henderson, Steffel [12] and Ba-
tes [11]. Using straight clasp profiles for measure-
ment is a kind of simplification of real situations 
where curved profiles adapted to the curvature of 
abutment tooth is presented. Decreased radii of 
curvature increases the stiffness of the cast clasp 
profiles [11, 13]. 
Clasp profile deflection force in kG





Figure 3. The Box-and-Whisker plot divides the data for each sample into four equal areas of frequency. A box enclo-
ses the middle 50 percent of the data; the median is drawn as a vertical line inside the box. Horizontal lines, known as 
whiskers, extend from each end of the box. The left whisker is drawn from the first quartile to the smallest point within 
1.5 interquartile ranges from the lower quartile. The other whisker is drawn from the upper quartile to the largest point 
within 1.5 interquartile ranges from the upper quartile. Individual points are plotted as values that fall beyond the whi-
skers, but within 3 interquartile. Statgraphics 3.0.
Rycina 3. Wykres skrzynkowy dzieli wyniki pomiarów na cztery równe części ze względu na częstość występowania 
pomiarów. Pudełko (prostokąt) zawiera 50% wyników, mediana jest zaznaczona pionową kreską wewnątrz prostokąta 
(kwartyl drugi). Linie poziome znane są jako wąsy, odchodzą od boków prostokąta. Lewa linia biegnie od lewego boku 
prostokąta (pierwszego kwartylu) do punktu najmniejszego wyniku pomiaru, który mieści się w odległości 1,5 długości 
poziomego boku prostokąta (dystans międzykwartylowy). Analogicznie prawa linia pozioma biegnie od prawego boku 
prostokąta (trzeciego kwartylu) do największego punktu pomiaru, który mieści się w odległości 1,5 długości poziomego 
boku prostokąta. Gwiazdkami zaznaczono pomiary, które znalazły się poza wąsami, ale wewnątrz odcinka o 3-krotnej 
długości poziomego boku prostokąta. Statgraphics 3.0.
Figure 4. Four different straight clasp profile cross section metallographic pictures with different grain size visible on 
each cross section. Asterisk represent one grain. R – rotary centrifugal method, C – vacuum-pressure method.
Rycina 4. Cztery różne przekroje poprzeczne prostych profili klamrowych w obrazach metalograficznych z różnej wiel-
kości ziarnami krystalizacji widocznymi na każdym przekroju. Gwiazdka określa jedno ziarno krystalizacji. R – metoda 
rotacyjna, C – metoda ciśnieniowo-próżniowa.
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Stiffness may be defined as force per unit de-
flection for elastic deformation. For similar geo-
metries and loading, what is being compared is 
Young's modulus. In a simple analysis, this should 
not be much affected by thermal history (i.e. ca-
sting methodology). Indeed mean deflection force 
do not much vary for both tested groups. The dif-
ference is about 6% between both means and is 
lower than approximately ± 9% of values spread 
for both method which is considerable.
In the bending range of 0.3 mm the deflections 
have been entirely elastic without any permanent 
deformation. Each profile was ten times bend to re-
veal any permanent deformations and in all samples 
there was not one example of permanent deforma-
tion which is the evidence that the yield strength of 
the clasp were not exceeded by the testing con-
ditions. This is important because yield strength 
expected to be dependent on thermal history.
A great stiffness of clasp retention arm usual-
ly limits a great range of elastic deformation and 
reciprocally. Considering the fact that an insuffi-
cient retention constitutes a problem only for the 
small undercuts of natural teeth, this study applied 
a small deflection of straight clasp profile by value 
f = 0.3mm. 
Analyzing the diagrams illustrating the statisti-
cal investigations (Figure 3), it can be noted that for 
a vacuum-pressure method the difference betwe-
en maximum and minimum value is clearly smaller. 
The distribution for vacuum-pressure method is 
smaller but visibly asymmetrical. They are inverse-
ly marked in both groups, that finds expression in 
unequal intervals of the first and third quartiles in 
relation to median. 
Being in search of the eventual reasons of con-
siderable spread of data, it has to be pointed out 
that the technological process of casting perfor-
mance is very complicated and in spite of a very 
good equipment of prosthetic laboratory in which 
the castings were performed, the technological 
process has not been fully automatized. There-
fore, a human factor is still of great importance. 
It should be noted that the partial automatization 
of casting process by use of microprocessor for 
a vacuum-pressure method could slightly decre-
ase the spread of obtained values. 
On the other hand this study did not quan-
tify dimensional variability within the actual ca-
stings – particularly with regard to the dimensions 
and regularity of the cross-sectional taper. This 
can contribute to the spread of data but in this stu-
dy standard wax patterns were used to eliminate 
this possibility and to reflect real dental laborato-
ry practice which was common for both methods 
with relatively large sample number. 
The melting temperature and the cooling rate 
during solidification may change the grain size of 
the alloy. Unfortunately, it was not possible to di-
rectly measure the melting temperature for each 
investigated method. Any differences could obvio-
usly influence the microstructure of the alloy. Co-
oling process could be certainly different for each 
of the investigated methods. This is because, ro-
Figure 5. Clasp profile longitudinal plane metallographic pictures for four dif-
ferent specimens near the tip. Layered structure of the clasp profile. R – rotary 
centrifugal method, C – vacuum-pressure method.
Rycina 5. Cztery różne przekroje podłużne profili klamrowych w obrazach me-
talograficznych okolicy końcówki profilu. Warstwowa budowa profilu klamro-
wego. R – metoda rotacyjna, C – metoda ciśnieniowo-próżniowa.
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tary movement of the muffle in the surrounding air 
during casting in the centrifugal method and the 
closed small chamber of the vacuum-pressure 
method create quite different cooling conditions.
In the vacuum-pressure method, the cooling 
process obviously is slower because the muf-
fle does not rotate in surrounding gas. Induction 
melting alloy in vacuum conditions under compu-
terized control can establish melting temperature 
more accurately. This may produce larger grain 
size of cast clasp. The larger grains of the cobalt-
-chromium alloy clasp lengthen the fatigue life of 
the clasp [9]. On the other hand, the greater grains 
decreases the tensile strength and ductility of co-
balt-chromium alloy [10]. Does the different grain 
size can modify stiffness of the straight clasp profi-
le is an another issue and microstructure analyses 
of this study suggest this possibility.
All profiles had a typical dendrite structure ac-
cording to Asgar findings [15]. The distinct feature 
that differs from one profile to another is the grain 
size. It is observed that grain size have been get-
ting bigger from the tip of the profile to the other 
end. The pictures taken from longitudinal plane re-
vealed that profile has layer of rather small grains 
near the surface which had became increasingly as 
10 times bigger in the center of the clasp profile. It 
made layered structure of clasp profile (Figure 5).
While searching for differences, it can be noted 
that profiles with higher retention force have bigger 
grains than the others, and this feature is common 
for both technologies of casting. This might sug-
gest that not casting technology per se but rather 
cooling rate is responsible for these differences 
according to Flinn and Trojan observations [16]. 
This is well visible on cross section pictures where 
profiles with measured retention force higher than 
0.7 kg have only two large grains connecting op-
posite wall while profiles with 0.5 kg retention force 
have three or more. It was reported that in base-
-metal alloys, the grains can be large and may 
grow up to 1 mm in diameter [14]. The figures from 
this research confirm this hypothesis.
Because the clasp profiles are very tiny cast 
elements they are very susceptible for changes in 
cooling rate during solidification. Looking for the 
reason of different cooling rates for the same ca-
sting method, it can be noted that the clasp pro-
files have the different distance from sprue canal 
and those one closer had the prolonged cooling 
time than those from the end of wax pattern. This 
observation may be supported by Asgar that in 
some instances, properties of cobalt-chromium 
alloy were not the same as those reported by the 
manufacturers or by other sources, because the 
casting technique was not optimum for each alloy 
or casting conditions varying from one laboratory 
to another [17]. Cooling rates during casting pro-
cedure interfere with the properties of the studied 
materials by influencing the grains size. Bigger 
grains size seems to be responsible for slightly 
better retentive force of cast clasp profiles but this 
should be supported by additional studies.
During melting an alloy in vacuum/pressure ca-
sting procedure the use of forming gas which is the 
mixture of nitrogen and hydrogen under pressure 
of 0,6 bar can lead to produce finer carbides which 
tended to accumulate along the grain boundaries and 
in this aspect can also affect mechanical properties 
of cast clasps. This cannot be observed on metallo-
graphic pictures in this study as reported from dif-
ferent experiment [18]. There are no visible changes 
with the width of the grain border for both methods. 
Conclusions
On the basis of the results of this study, the follo-
wing clinical conclusions have been drawn: 
1. From clinical aspect an application of different 
casting method does not improve the elastic 
properties of cast half-round straight clasps al-
though there were noted statistically significant 
differences about 6% between both groups.
2. The spread of the deflection force of the clasp 
profiles cast by two investigated methods ap-
pears to be considerable and this can reflect 
a real spread of data which can be observed as 
approximately ± 9% in clinical practice.
3. For both casting methods were observed the 
same grains arrangement pattern with different 
grains size microstructure which may influence 
retentive force of dental cast clasp.
4. Specimens cast by vacuum-pressure showed 
no prominent differences in grains boundary 
thickness than those casted by induction/cen-
trifugation method.
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